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H3o6peieHne othocmtca k oonacTw 
aBTOMaTunecKoro onTMManbHoro perynwpoBaHMfl 
npoLiecca yrnyoJieHMH ckbeokmh \a MoweT 6biTb 
ncnonb30BaHO Anfl npomo3npoBaHMR 
onTMManbHbJx 3HaMeHn« noKaaaieneft pa6oTbi 
AonoTa npn pa36ypnBaHnn HeoAHopoAHbix no 
6ypMMOCTM rinacTOB. 

Me/ibK) npeAnaraeMoro M3o6peTeHnn 

HBJineTCfl nOBblllJeHMe SCtX^eKTMBHOCTU 

npoi^ecca 6ypennfl b h eoAH opoah bix no 
6ypMMOCTM ruiacTax nyTeiw noBbiiueHKH 
tomhocth onpeAeneHna MOMeHTa noA^eMa 

AOnOTa M onspaTM BHOCTH KOppeKTHpOBaHMH 

onTMMajibHbix napaMeTpoB pewHMa oypeHMfl. 

Ha 0nr. 1 M3o6pa>KeHa CTpyicrypHafl cxeivia 
ycTpoMCTBa, peann3y»omero panntAiA cnoco6 
pery/iwpoBaHH* npouecca oypeHna; Ha cfenr.2 
npeAcraBneHa BpeMeHHan AnarpaMMa 
M3MeHeHnn ckodoctm npoxoAKW b pe&ce, 
noflCHflK>mafl npuHi^nn paooTbi aAanTaLjwoHHotf 

M3MepMTeJ1bHOOnTHMM3ai^MOHHOp! CMCTeMbl 

perynnpoBaHHH npouecca MexaHnnecKoro 
6ypeHnn no AaHHOMy cnoco6y. 

RpeAnaraeMbiM cnoco6 perynnpoBaHMfl 
nponecca MexaHUMecKoro 6ypeHwa pea/iwsyeTCfl 
ycTpoficTBOM, coAep>Kaii^MM 3aAaTHMKM Harpy3KH 
Ha ao/ioto 1 , HacroTbi ero BpameHHfl 2, pacxoAa 
oypoBoro pacTBopa 3, a^tmhk 4 MexaHkmecKoro 
KapoTaxa, ycTpoficTBO 5 conpflweHHfl, 
aHa/ioro-ijHcfcpoBofl npeo6pa30BaTenb 6, 
ynpaanflKDinan BbiMkic/iMTenbHafl MawHHa 7, 
nepw0epnflHbie ycTpoficTBa 8 BBOAa-BbiBOAa, 
UHcJ>poaHanoroBb!M npeo6pa30BaTenb (14A!~I) 9, 
ycTpo^cTBO 10 ynpaaneHun pery/iHTopaMH 
(WP), noKanbHbie aBTOMarnMecKne perynnTopbi 
(J1AP) 11, ncnoriHUTenbHbie wiexaHH3Mbi (HM) 
12. 

HCXOAHblMM AaHHblMkl A™ peweHua 

nocTaaneHHO^ 3aAaMM perynnpoBaHi/m 
npot^ecca 6ypeHHH AB/iflioTcn: 

npOAOJDKMTOJlbHOCTb pa60T, He BXOAHIUMX B 

MexaHMMecKoe 6ypeHne (tp Q ), onpeAenaeMafl H3 
saBucuMocTH tp.o f(L), nocTpoeHHOM nyTeM 
CTaTMCTMMecKoW o6pa6oTKM 6anaHca 
KaneHAapHoro BpeMeHM 6ypeHMfl cKBawuH Ha 
AaHHofi nnounaA^ utih coceAHMX n/iounaAHX b 

3aBHCHMOCTM OT my6MHbl CKBaXCI/IHbl L; 

OTHOLUeHMe C CTOMMOCTM P,Or\OTQ K 



ctommoctm Maca pa6oTbi CypoBofi ycTaHOBKM. 
CTonMOCTb AonoTa (C^ u cTOHMocTb Maca 
paooTbi 6ypoBoPi ycTaHOBKn (C H ) npuHMMaHDTCfl 
comacHO AeficTByioineMy "flpeficKypaHTy 
nopa^oHHbJX pacueHOK Ha dponTe/ibCTBO 
HecpTflHbix n ra30Bbix CKBawuH" hjim 
paccMHTbiBaeTCH no HopiwaM Ae^cTByiomero 
"CnpaBOHHUKa yKpynHeHHbix CMeTHbix Hopwi na 
crponTenbCTBO HecfeTflHbix n ra30Bbix cKBa^MH"; 

npoeKTHbie 3HaHeHu* napaMeTpoB pe>KMMa 
6ypeHnn: Harpy3KM Ha aojioto (G np ), HacTOTbJ 
BpameHMH dona poTopa (n np ). pacxoAa 
6ypoBoro pacrBopa (Qnp). KOTopwe 6epyT H3 
reojioro-TexHUMecKoro Hap«Aa (rTH), 
flBJ-mjoinerocfl cocTaBHoCi nacTbio 
onTMMnsnpoBaHHoro TexHunecKoro npoeKTa Ha 
6ypeHne cKBaKUHbi; 

orpaHUMeHun 3HaMeHM» napaMeTpoB pe>Knwa 
GypeHMfl G, nQ (HVDKHne rpaHM4bi G (h) , n (H \ 
Q BepxHue rpaHMi^w G< B >, n (s >, Q (b) ) 

npMHMMaiOTCfl, MCXOAA H3 TeXHMHeCKMX 

B03M0)KH0CTe^ npuvieHHeMoro GypoBoro 
ooopyAOBaHMfl \a TexHonornMecKOi^ 
i4anecoo6pa3Hocrn ; 
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3aAaHHoe BpeMH 6ypeHM« (t npa), sa 
Koropoe ocymecTB/ineTCfl cTaTMCTWMecKoe 
npomo3npoBaHMe MOMeHTa noA^eMa AonoTa, 
npuHUMaeMoro M3 rexHOJiomHecKVix 
coo6paxeHHM (HanpuMep, paBHoe 2/3 
npoeKTHoro epeMeHu 6ypeHnn t n , 3ano>KeHHoro 
b rTH, T.e. 

tnp.3= Z U 
3 

my 6 una CKBaKMHbi (Z H ) Ha Hana/io 
MexaHUMecKoro 6ypeHnn b paccMaTpuBaeMOM 
pei^ce AonoTa. 

C noMombK) 3aAaTMHKOB 1, 2, 3 nepeA 
HananoM MexaHnnecKoro 6ypeHMfl 
onepaTop-6ypmibi^MK 3aAaeT npoeKTHbie 
ycTaHOBKM napaMeTpoB pe>KHMa 6ypeHnn: 

CurHanbi ot 3aAamnKOB nepe3 ycTpoftcTBo 5 
conpnxeHM« ALjn 6 m HHTep0efic cb«3m c 
o&beKTOM BBOAflTcn b onepaTHBHyio nawmTb 
03Y ynpaBjinioLueK BbmncnuTenbHOM MaiunHbi 
YBM 7. B cnynae np^ivioro L^cfrpoBoro 
perynnpOBaHMfl npoeKTHbie ycraBKn napaMeTpoB 
Gnp, nnp, Qnp bboa^tch B 03y Mepes MHTepcfieRc 
BBOAa-BbiBOAa c noMombK) nepn0epMMHbix 
ycTpo^CTB 8 BBOAa-BbiBOAa HHqtopMau^w. B 
Ka^ecTBe YBM 7 MoaceT 6biTb ncno/ibsoBaHa 
njooafl mmhh- uriM MMKDO-3BM, co6paHHan H3 
CTa h Aa pTH bix 6jiokob noAXOAfimeK 

KOHt|3MrypaL^MI4 M TeXHMMeCKMX XapaiCTepMCTMK. 

3aAaHne BpeMeHu CTaTucTunecKoro 
nporH03npoBaHnn MOMeHTa noA^eMa AonoTa 
Ann 3awieHbi (t np . 3 ) npoAoxt)KMTenbHOCTM pa6oT, 
He BXOAflmwx b MexaHnqecKoe 6ypeHne (i po ), 
hvdkhmx m BepxHux rpaHkm Ha napaMeTpbi G, n, 

Q. OTHOLUeHUfl CTOHMOCTM AOJlOTa K CTOHMOCTM 

Maca pa6oTbi 6ypoBOM yciaBKn (Cfl/CJ h 
myOnHbi CKBa>KMHbi Ha Hawa/io MexaHUMecKoro 
6ypeHnn (L n) npon3BOAHTca c noMombK) 
nepnqbepwi^Hbix ycTpoi^CTB BBOAa-BbiBOAa 
MHcfcopMaLjbiH, cumaribi ot KOTopbix nocTynaJOT b 
onepaTMBHyio nawiflTb m npoqeccop YBM. 
HenpepbiBHafl MHAHKai^nfl TeKyu^nx 3HaneHH^ 
TexHonorMMecKnx napaMeTpoB, perncTpaL^nfl mx 
M3MeHeHnPi m 3HaHeHMti BBOAHMbix napaMeTpoB 
npon3BOAMTc« c noMOti^bio nepwqbepn^Hbix 

ycrpoMCTB 8 BBOAa-BblBOAa MHC^OpMaLiWM. 

CurHanbi AamMKa 4 MexaHnnecKoro 
KapOTa>Ka, nMeKDU^ero acMHxpoHHyK) cB«3b c 
YBM, npeo6pa30BbiBa>OTCfl b Heo6xoAHMbm Ann 
HenocpeACTBeHHotf o6pa6oTKH bma h nepe3 
MHTepi^ertc CBA3H c o6i>eKTOM nocTynaKDT b 
npoi4eccop YBM, KOTopbiCi o6pa6aTbiBaeT nx c 
yneTOM sapaHee ycTaHOBneHHotf CMCTeMbl 
npnopnTeTOB. 

MsMeHeHne peanbHoro BpeMenn 
MexaHMHecKoro 6ypeHM« nponsBOAHTcn c 
noMombK) aneKTpoHHbix nacoB (Ta^Mepa). 
BcrpoeHHbix b YBM. 

noAAep>KaHne 3aAaHHbix npoeKTHwx win 
onniManbHbix 3HaneHH^ napaMeTpoB G, n, Q b 
npoqecce MexaHMHecKoro 6ypeHMfl 
npon3BOAHTcn c noMombK) J1AP 1 1 n HM 12, Ha 
BXOAbi KOTopbix noAaiOTcn cumaribi, 
cooTBeTCTByioiUMe Heo6xoAHMbiM 3HaneHHflM 
napaMeTpoB G, n, Q. 

npoueccop YBM 7 no nporpaMMaM, 
peann3yKDU^HM HuxenpMBeAeHHbie anroputTMbi 
ynpaBJieHH« npoi^eccoM 6ypeHMH, 
ycTaHaBnuBaeT rpaHnubi CMeHbi 6ypkiMOCTM 
nnacTOB nopoA, An« Ka>KAoro nnacTa 
oAHHaxoBOM 6ypnMOCTi/i onpeAenjieT 
omnManbHwe 3HaMeHnn napaMeTpoB G om. 
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n onT. Qom. a °o wcTeMeHMM 3aflaHHoro BpeMenw 

CT3 T MCT MMeC KOPO nporH03MpOBaHMfl MOMSHT3 

noAbeiwa AonoTa onpeflenneT nyTewi 

CTaTMCTMMeCKOrO nporH03MDOBaHMfl MOMeHT 

noflbeMa AonoTa Ann 3aMeHw t o^, a 3areM 
yTOMHfleT ero £ * npn BXOAe b hobwA rviacT 
onT 

OAHHaKOBOM 6ypMMOCTM. 

C BbixoAa npoi^eccopa yBM AUCKpeTHwe 
ynpaBJiflKJiMne CMmanw nepe3 MHTepcfreMC CBR3M 
c o6"beKTOM nocTynaioT Ha bxoa UAn 9. C 
BbixoAa UAfl aHanoroBbie ynpaanfljomwe 
cwmanbi noAaK>TCfl Ha bxoa WP 10, KOTopoe 
ycn/inBaeT cm man w n noAaeT mx Ha BXOAbi JIAP 
nnn HM b cnynae npnMoro unc£poBoro 
perynnpoBaHnn. 

noonepai^noHHO cnoco6 ocymecTanaeTCH 
cneAy»OLMHM o6paaoM. 

nepeA HananoM MexaHHMecKoro 6ypeHi/m 
onepaTop-6ypwibmnK nocpeACTBOM 
nepucpepM^Hbix ycrpoficTB 8 BBOAa-BbiBOAa 
MHC^opMaqnn, bxoaut b onepaTHBHyio nawmTb 
YBM 7 HCXOAHbie AaHHbie: lp. 0 . L„, C^C^, 

G< H >, n< H >, Q< H >, G< B >, n< B >, Q< B >. 
npoeKTHbie 3HaMeHnn napaMeTpoB G np, 

n np. Qnp BBOA«TC« B naMHTb YBM OT 

aaAamnKOB 1, 2, 3 YBM win nocpeACTBOM 
nepnc£epnfiHbix ycrpotfcTB BBOAa-BbiBOAa b 
cnyMae npflMoro LjuqbpoBoro perynnpoBaHMfl. 
Bee BBOAMMbie BenMMMHbi perncTpupyioTCfl c 
noMOuubfo ycrpoMCTB 8. 

npouecc MexaHnnecKoro oypeHMH 
HaMMHaeTCfl npn npoeicrHbix 3HaMeHnnx 
napaMeTpoB pe>KMMa 6ypeHMfl G np, n np , Q np , 
noAAepxuBaeMbix nocTOHHHbiMM Ha aaAaHHOM 
nocpeACTBOM 3aAaTHMKOB 1, 2, 3 ypoBHe c 

nOMOlAbHD JIAP 1 1 , B KOTOpbIM BXOA*T aBTOMaT 

AonoTa (noAAep>KMBaK)mM« G const), aBTOMaTbd 
noflAep>KMBaHMfl nocro«HHbix 3HaHeHMM MacrroTbi 
BpameHMfl pOTopa (n const) m paexoaa 6ypoBoro 
pacTBopa (Q const). 

HenpepbiBHO c nocroflHHbiM waroM 
(HanpuMep, hj< 0,3 m) n pon 3 boah tch 
MexaHMHecKn« KapoTa>K. TatfMep YBM 7 no 
cumanaM AaTHwra MexaHMMecKoro KapoTaxa 4, 
noAaBaeMbiM acuHxpoHHO c HauBbicujMM 
npnopMTeTOM b YBM, cfwKCupyeT t K MMCToe 
Bpewip, 3aTpaMeHHoe Ha pasoypHBaHHe 
MHTepBana, cooTBercTByiomero wary KapoTawa 
h K . OnpeAefiflercfl cpeAHfm 3a war 
MexaHHMecKoro KapOTa>Ka cKopocTb npoxoAKM 

V CK n^ (m/m) (1) m 3HaMeHM« V CK HenpepbiBHO 



HaKannMBaioTCfl b onepaTMBHoCi nawnTM YBM. 

(locne HaxonneHnw I 3HaMeHM« 
V C K (nanpuiMep, I > 6) ohm annpoKcnMwpy»oTCfl 

3KCnOHeHI4MajlbHOfi 3aBMCHMOCTbK5 

v t v o ^ l (2) rAe V t TpeHA U3MeHeHKfl 
MexaHMMecKofl CKOpOCTH npOXOAKM BO BpeMfl 
6ypeHMH, m/h; 

V Q HaManbHan CKopocTb npoxoAKH npn t 0, 
m/m; 

6 noKasaienb Tewina n3MeHeHn« TpeHAa, 

1/h; 

t TeKyw.ee BpeMfl MexaHHMecKoro 6ypeHwn, h, 
h npoueccop YBM no wieTOAy HanMeHbiUMX 
KBaApaTOB onpeAenqeT oi^eHKM napaMeTpoB 
V Q ne. 

npMMeHHTenbHo k <$nr.2, yKasaHHan 
annpoKCMMaMnn no3BonfleT nonyn^Tb 
MucneHHbie 3HaMeHnn napaMeTpoB V 0 i m e 1 b 
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nepBOM nnacrre OAMHaKOBoi* 6ypnMocTn. 

nonyneHHbje oi^eHKM V D n e noACTaBnatoTcn 
b cooTBeTCTByioinee HanpjwKeHMe i^eneBofl 
cf)yHKi^nn noTepb Ci (3aTparbi BpeMeHM Ha MeTp 
npoxoAKM) 



Cl> ♦!> G+Jy n+l> Q+t. > »B 
o J. Z 3 b 



-B 



(b +b G+b n+b Q> 
o 1 Z 3 



ecnMe^O, (3) 



ecnn 



l + 



to +l> G+lt> n+b Q 
o 1 2 3 



8=0, (4) rAe t b 0 +b 1 G+b 2 n+b 3 Q 
nHTepnonfli^MOHHa« 3aBMCMMocTb BpeMeHU 
6ypeHHH ot napaMeTpoB pex<viMa 6ypeHnn; 



Q; te=tp. c 



ycnoBHafl 



npoAon>KMTenbHocTb ocTanbHbix pa6oT b pe«ce 
AonoTa, h; 

h v ( 1 -e~0 n poxoAxa AonoTa , m . 

o 

Ko3ctx4)Mi4neHTbi b Q , bi, b2. 

b 3 HHTepnonfli^noHHOM saBUCHMOc™ t f(G,n,Q) 
nonyseHbi 3apaHee nocne o6pa6oTKM 
pe3ynbTaTOB cnnaHnpoBaHHoro Apo6Horo 
npoki3BOACTBeHHoro SKcnepuMeHTa, 
npoBeAeHHoro b aHanon^MHOM naMKe nopOA- ripn 
peann3ai4nn Apo6Horo n po M3 boact b eH h oro 
3KcnepnMeHTa, Bbi6paHHoro c uenbio 
yMeHbiueHUfl nucna onwTOB co cpeAHkiMH 
MHTepBanaMM sapbupOBaHHn napaMeTpoB G, n, 
Q, nonynaeTCfl nnHetiHafl 3aBMCMMOCTb. Ilpn 
Heo6xoAMMOCTM yBennMeHun tohhocth 
nHTepnonj^nn nnn pacLunpeHMR MHTepBanoB 
BapbuposaHMfl napaMeTpoB mo>kho peanw30BaTb 
nonHbifi npou3BOACTBeHHbitf sKcnepuMeHT, 
nonyMMTb nennne^Hyio saBucuMocTb t f(G,n,Q) m 
noACTaBMTb ee b BbipaxeHUfl n/ifl c^yHKqvin 
noTepb (3), (4). 

3aTeM npoi^eccopoM YBM onpeAenatOTCH 
onTMManbHwe 3HaHeHMfi napaMeTpoB pe>KMMa 
6ypennfl b nepBOM nnacTe oah h a kobo vi 
6ypHMOCTH Gonrl, n on Ti. QorrrinyTeM ycnOBHO^ 
MUHMMMsaL^MM cooTBeTCTByMDu^eM i^eneBoti 
0yHKL^Mn (3) unn (4) OTHOCMTenbHO nepeMeHHbix 
G, n, Qc yneTOM AByxcTOpOHHMX orpaHnneHufi, 
HaxnaAbiBaeMbix Ha hmx, T.e. peujaeTca 3aAana 
MaTeMaTunecKoro nporpaMMnpoBaHnn: 

C^G, n. Q, V Q ; e) -> win 

G, n, Q 

G< H > S G s 
n^ n s n< B > (5) 
Q (H) S Q 3 Q (B) 

B cwny HennHe^HOCTM 3aBHCMMocTM 
C i(G,n,Q) yKa3aHHan 3aAana HenHHewHoro 
nporpaMMnpoBaHUfl pewaeTcn mbtoaom 

UJTDaCpHblX CjtyHKL^tf. 

B KanecTBe AByxcTopoHHux orpannMeHHR 
napaMeTpoB pe>KHMa 6ypeHM^ npnHHMaK)Tc?i 
HH>KHH^ m BepxHki^ ypOBHM BapbwpoBaHnfl 
napaMeTpoB G, n, Q b nnaHe 
n po m 3boact Be h Horo 3KcnepnMeHTa c yMeTOM 
TexHunecKvix B03MO>KHocTe« ki TexHonomnecKOft 
i4enecoo6pa3HOCTM nsMeHeHna napaMeTpoB. 
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OnTHManbHbie 3HaneHMfl G orTT , 
HaxoAviTbcn BHyTpn o6nacTM AonycTMMbix 
peiueHMft nn5o Ha ee rpaHMije, ecnn 
MMHUMyM Ci AOCTuraeTCfl BHe oojiac™ 
AonycTMMbix peweHMtf. 

llonyMeHHbie onTMManbHbie 3HaMeHHfl 

napaMeTpOB G^A. HotttA* Q 0 nTl c P aBHMBai OTC5? c 
TeKyLUMMM 3HaMeHMflMM COOTBeTCTByiOmUX 

napaMeTpoB, KOTopwe c noivioii^bio X1AP 
noAaepxaisaioTcn nocTOHHHbiMM (Ana nepBoro 
UHTepBana OAHHaxoBofl oVpmmoctm paBHbiM 
npoeKTHNM, a Ann cneAy»omero MHTepBana 

paBHblMH OnTHMajTlbHblM 3HaneHMflM B 

npeAbiAyiM eM nHTepBane), m b cnyqae Hannwnfl 
paccornacoBaHMfl Me>KAy hhmh 
Bbipa6aTbiBaK)TCfl ynpaannjoiune cumanw. 

flucKpeTHbie ynpaarmioiUMe cumanbi, 
cooTBeTCTByioii^ne onTMMa/ibHbiM SHaneHMHM 
napaMeTpoB Qom-1. Homi. QotttI npeo6pa3yK>Tcfl 
b aHanoroswe cumaribi c noMombio UAfl 9, 
ycnnnBaioTC« c noMombio WP 10 n noAaioTCH 
Ha BXOAbi J1AP b KanecTBe 3aAa»omMX ycTaBOK 
Ha perynnpyeMbie napaMeTpu. J1AP 
aBTOMaTMHecKH nepecTpanBaeTCfl c npoeKTHbix 
ycTaBOK na onTMManbHbie m noAqep>KMBaK)T 
Aanee nocTOHHHbiMM 3aAaHHbie eiviy 
onTMManbHbie 3HaMeHna napaMeTpoB c 
noMou^bio BXOAHU4MX b Hero aBTOMaia noAaMM 
AonoTa, aBTOMaTOB noAA©P>K3HMfl nocTOAHHbix 
3HaHeHMM MacroTbi BpameHun poTopa m pacxofla 
6ypoBoro pacTBOpa m McnonHMTenbHbix 
MexaHHSMOB. B cnynae npnMoro i^nc^poBoro 
pery/inpoBaHMfl YBM Bbipa6aTbiBaeT 
ynpaanniOLi^ne CMma/ibi, o6ecneHHBajou4ne 
ycTpaHeHne paccornacoBaHMH Me>KAy TeKyu^MMn 
n onTMManbHbiMn 3HaMeHHHMH napaMeTpoB G, n, 
Q; 3tm cMma/ibi nocne npeoopa30BaHMfl b L4An 
m ycujieHMfl b yyp nocTynaioT HenocpeACTBeHHO 
na BXOAbi MM 12 (topmo3 6ypoBofi jie6eAKM, 
ABuraTenn aha BpameHUH CTona poTopa, 
ABuraTenn 6ypoBbix Hacocoa). 

MsMeHeHne npoeKTHbix (TeKymMx) ycTaBOK 
Ha napaMeTpw pe>KMMa 6ypeHMH G, n, Q ao 
onTHManbHbix 3HaneHM^ HeMUHyeMO OTpasMTCfl 
Ha BenuMMHe CKopocru npoxoAKM V CKl a 
cneAOBaTe/ibHO, npMBeAeT k CKa^xy V t f(t) b 
nepBOM nnacTe OAHHaKOBOM 6ypMMOCTM (cm. 
c|)nr.2). flajibHefiwee 6ypeHne b nepBOM nnacTe 
OAHHaKOBoPi 6ypnMOCTM ocymecTBJifleTCfl npn 

onTMMaJlbHblX 3HaMeHMHX GonTl. nonrl. Qom-1 

OAHOBpeMeHHO no h n>Ke n p m BeAeH h o My 
anropMTMy ycTaHaanMBaioTCfl rpaHHUbi cMeHu 
6ypnMocTM nnacTOB b npOLjecce MexaHMHecKoro 
6ypeHMfl. fln« 3Toro HenpepbiBHO npon3BOAHTC« 
nocTpoeHMe b o6meM cnyMae KpMBO/iMHeflHoro 
TpeHAa V t f(t) u cooTBeTCTByKou^ero eMy 
AOBepvuen bHoro HHrepBana (Ha noKa3an 

LLITpMX-nyHKTMpHbIMM HMHUHMH). l~lpM BUXOAe Ha 

BepxHK)K) nnn hm>khiok> rpaHMLjy 
AOBepnTenbHoro MHTepBana nocneAOBaTenbHO 
k 3HaneHnfi V c ^HanpHMep, k 4) nepeA nepBbiM 
H3 hmx OT6nBaercfl rpaHUL^a CMeHbj 6ypMMOCTH 
nnacTOB nopoA m no TaMMepy YBM 45HKCMpyeTcn 

COOT BeTCT By K) LL^H ft eMy MOMeHT t^BblXOAa H3 

nepBoro nnacTa oAHHaKOBOM SypMMocTn nopoA- 
3HaMeHne ti paBHo nucTOMy BpeMeHM 
wexaHUHecKoro 6ypeHvin b nepBOM nnacTe 

OAHHaKOBO^ 6ypHMOCTM. CKaMOK CKODOCTM 
nDOXOAKH V t B MOMeHT t! , CBH3aHHblft C BblXOAOM 

M3 nepBoro nnacTa oAHHaKOBoK 6ypMMOCTM 
nopoA. noK33aH Ha 4>nr. 2. 

flnfl nepBoro nnacTa Ha nenaTb BbiAaioTca 
3HaMeHn« h 1( t 1 n my6nHa, onpeAe/ifleMan no 
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<£opMyne 

L L M + hi, (6) rAe L rny6MHa CKBawHHbi. Ha 
KOTopoft npoM30iLuia cMeHa 6ypnMocTM nopoA, 
m; 

L„ rny6MHa CKBaxviHbi Ha Hanano 
MexaHMHecKoro 6ypeHM«, m; 

h«, MOii^HocTb nepBoro nnacTa OAHHaKOBofl 
6ypnMocTn, KOTopaq onpeAenneTcn 
cyMMMpoBaHneM o6mero MMCna 3HaMeHnft h K b 
nepBOM nnacTe, m. 

AHanorviMHan nocneAOBaTenbHOCTb 
AetfcTBHM noBTopneTc« Ann BToporo, TpeTbero m 
t. A- nnacTOB OAHHaKOBoft 6ypnMOCTH. 
HeKOTopoe OT/ivmne coctoht numb b tom, hto 
npw 6ypeHnn bo btodom nnacTe 
KOppeKTnpyfOTC« He npoeKTHbie, a onTMManbHbie 
3HaMeHnn napaMeTpoB G, n, Q, ycTaHoaneHHbie 
b nepBOM nnacTe, a npw 6ypeHnn b TpeTbeM 
ycraHOBJieHHbie bo btopom n/iacre m t.a. 

B i-M nnacTe OAMHaKOBOft 6ypnMOCTn 
M3MeH8HHe BbnueonncaHHOM 

nocneAOBaTeiibHoc™ as^ctbuCi coctoht b tom, 
hto npM AOCTM^eHMM 3aAaHHoro BpeMeHH 
CTaTMCTHHecKoro npomosMDOBaHMn MOMeHTa 
noAbeMa AonoTa ^ 3 Bee HaKonneHHbie b i-M 
nnacTe 3HaneHH5i V CK nocne onTMMH3ai^nn 
napaMeTpoB G, n, Q annpoKCMMMpyioTCfl 

3KCnOHeHl4MaJlbHOM 3aBMCHMOCTblO (2) M 

onpeAenneTca AOBepMTenbHbift MHTepBan, 
noKa3aHHbift Ha 0nr.2 LUTpnx-nyHKTMpHbiMH 

J1HHH51MM. OL^eHeHHbie no MeTOAy HaMMeHbUJHX 

KBaApaTOB MkicneHHbie 3HaHeHnn 
napaMeTpoB Voj h 6j noACTasnjiioTcn b 4>opMyny 
(7) m onpeAenneTCfl onTHMajibHoe npomo3Hoe 
BpeMfl MexaHHMecKoro 6ypeHMfl t C1 ; 
onTMManbHoe c tohkh speHi/w MMHUMyMa 
ceoecTOHMOCTM 1 m npoxoAKM b i-M nriacTe; 
npomo3npyeMoe b npeAnonoxeHMM, hto 
6ypnMocTb nopoA i-ro nnacTa He MSMeHMTCfl ao 
MOMeHTa noAbeMa AonoTa ppt\ 3aMenbi (Ha 
c{>nr.2 npomo3-TpeHAa V t1 f(t) noK33aH 



UJTpHXOBO« 



riMHMeft). 



t 



, (7) rAe H- h1 cyMMa MO^HOCTeft scex nnacTOB 

OAHHaKOBOM SypHMOCTM (1 ,2j-1 ), 

npeAwecTByiOLHHx i-My nnacTy, b kotodom 
ocymecTBJifleTcn b AaHHoe BpeMn 
MexaHHsecKoe 6ypeHne; 

Tj_-i cyMMa HMCToro BpeMeHM MexaHHMecKoro 
6ypeHnn Bcex nnacTOB oAMHaKOBoft 6ypnMocTn 
(1,2,i-1), npeAiuecTByiOLJUMx i-My nnacTy, b 
kotodom ocyiAecTBnneTcn b AaHHoe BpeMH 
MexaHnnecKoe 6ypeHne. 

OnTMManbHoe npomo3Hoe BpeMfl 
MexaHHMecKoro 6ypeHMfl b LjenoM Ann peftca 
AonoTa onpeAenneTcn no cJ)opMyne: 



=T M + t 



(8) 



npMBeAeHHan cJxjpMyna (8) no3Bon«eT 
ocyu^ecTBHTb TonenHbiPi npomo3 onTMMa/ibHoro 
BpeMeHH MexaHHMecKoro 6ypeHnn b pevice 
AonoTa. fln« 6ypeHHfl we BcneACTBMe BbicoKoft 
BapwaoenbHocTw (M3MeH^nBocTn) V CK bo 
BpeMeHM Heo6xoAMM MHTepBanbHbi^ npomos. 
flaHHWM npomo3 Ae-naeTcn c Mcnonb30BaHMeM 

Be/lMMMHbl CTaHAapTHOrO OTKnOHeHMW, 

onpeAe/iHeMoro no cjiopMyne (21) M3 Mepe h h bix 
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CneAOBaTenbHo, wHTepBanbHbjfl npomo3 
onTMManbHoro BpeMeHH MexaHnnecKoro 
6ypeHwn b petfce ppnora npow3BOAHTcn no 
cJxopMyne 



e , (9) rAe e t 



ujupnHa 



Pi 



B 2 



AOBepnTexibHoro 

BHOBb 

npeAbiflymeMy 



AOBepnTeribHoro MHTepBana Ann ton,-; 

to KBaHTunb pacnpeAeneHun CTbK>A©HTa npn 
AOBepwTenbHovi BeponTHOcru; 

y = 0,80-0,90. 

B nonyMBHHOM no cpopMyne (9) MHTepBane 
BpewieHU AOCTuraeTcn MMHMMyw ceoecroMMOCTH 
1 m npoxoAKM b pefice AonoTa, a nosTOMy 
Aonoro cneflyeT noAHUMaTb Ann 3aMeHbi. O 
Bxo>KAeHnn b onTi/iManbHbJfl nHTepBan BpeMeHu 
MexaHvmecKoro 6ypeHwn cumanwaHpyeT 
CBeTOBofl nn6o 3ByKOBofi cuman, noAaBaewbifi 
no KOMaHAe YBM. 

no MCTeHeHMH tnp 3 B03MO>KHO nonaneHMe 

oMepeAHO^ rpaHMLjbi cwieHw 6ypnMocm 

nopoA, a, coot bbtct Be h ho , (i+1)-r° nnacTa 
OAMHaKOBoi^ GypuMOCTM. OTCioAa BbinonHeHHbiCi 
CTaTMcrimecKMii npomo3 i^. b peCice AO/ioTa 
nopnemrr yTOHHeHUfo c yneTOM (i+1)-ro nnacra. 

Ann 3Toro b (i+1)-M nnacTe OAHHaroBofi 
6ypnMOCTM HaKannnBaeTCfl orpaHUMeHHoe hmcjio 
n3MepeHMM V CK (HanpMMep, 5), a 3areM sth 
AaHHwe annpoKCHMnpyioTcq sxcnoHeHLjHanbHofl 
3a bm cm MOCTbto (2) c onpeAexieHHeM 
MHTepBana. 

nonyMeHHbie oijeHKH 
ncnonb3yK)Tc« ananon/NHO 
MHTepBany Ann 
onpeAeneHUfl t 0 rr/ (cm. cf>nr.2), a b cbok> 

OtlT 

OHepeAb Ann BbinonHeHHn yTOHHeHHoro 
MHTepBanbHoro npomo3a ton/ b peace AonoTa 
no <$opMyne 

lo m = + 6*. m, (10) rAe tom-* yTOMHeHHOe 

onTMManbHoe Bpewi« MexaHHnecKoro 6ypennn b 
peiice AonoTa, m; 

e* da h Aa pT h oe OTKnoHeHne 3HaMeHntf 
V CK OT "rpeHAa V 6+ i f(t)b(i+1)-M nnacTe 
OAHHaKOBO^ 6ypnMocTn, nepecHHTaHHoe Ha 
apryiweHT t, m. 

B o6ineM cnywae, paccMOTpeHHbix 

yTOHHeHMM tonr B peMCe AOnOTa MOJKeT 6blTb 

HecKonbKO (KaacAbifi pa3 npn nepexoAe k HOBOMy 
nHTepBany OAHHaKOBotf 6ypnMOCTn), a aro 
3HaHMTenbHO noebiiuaeT TOHHOCTb onpeAeneHM* 
MOMeHTa noA"beMa AonoTa Ann saMeHbi npn 
pa36ypnBaHMM nepeMewaiouikixcn no 6ypMMOCTM 
nopoA. 

OnucaHHbiCi cnoco6 pery/ikipoBaHnn 
npouecca 6ypeHnn no3BonneT BbiAennTb 
OAHopoAHbie no 6ypnMOCTu nnacTbi u 
nponnacTKM nopoA, ycTaHaanwBaTb Ann 
pa36ypMBaHM« Ka)KAoro nnacTa omnManbHoe 
coneTaHne G, n m Q, a no MCTeneHHM 3aAaHHoro 
BpeMeHM 6ypeHnn tnp 3 onpeAennTb h yTOMHnTb 
MOMeHT noAteMa AonoTa Ann 3aMeHbi, mto 
npuBOA^T k yBenimeHnio npoxoAKM Ha 40-45% 
coxpa me h m to cpoKOB crrponTeribCTBa ckbqjkmh Ha 
30-35% n CHMKeHMK) ctommoctm 6ypoBwx pa DOT 
Ha 25-35% 

Anropi/iTM ycTaHoaneHun rpaHMi^ CMeHbi 
6ypnMocTM nnacTOB b npoi^ecce MexaHMHecKoro 
eypennn. 

B paspaooTaHHOM axiropnTMe ncnonb30BaH 
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BMAOii3MeHeHHbitf MeTOA OKcnoHeHi^HanbHoro 
crna>KMBaHnn MexaHUMecKoPi ckodoctm npoxoAKM 
bo BpeMn 6ypeHnn. 

Ann annpoKCMMai4MM HaxonrieHHbix 3HaneHMM 
V C K ncnonb30BaHa n3BecTHan MaTeMaTHMecxan 

3aBMCMMOCTb (2). 

nocne norapuc^MnpoBaHMn 3aBHCMMOCTb (2) 
mo>kho n pe act a b ht b b BMAe 

Y a + b * t, (11) rAe Y lnV t . a lnV 0> be. 

HcxoAHbiMH AaHHbiMM nsnniOTcn 
SHanenun V c k1 . V c k2 . V cjd n t.a. 

Cyu^HOCTb anropnTMa coctomt b 
cneAyiomeM. 

Ann nepBbix m Ha6nK>AeHM^ (m > 4) 

MeTOAOM HaHMeHbLUMX KBaApaTOB 

onpeAennioTcn napaivieTpbi ypaBHeHwn 

b Q m mm 



J = J> J=l 



ao m 



m 



°J=1 J 



rAe yplnV 



1 , m 



(11) 



riponsBOAnTcn onpeAeneHun no c^opwiyne 



(13) 



J 

OnpeAenneTcn cpeAHee KBaApaTMMecKoe 
OTKnoHeHne Y s ot TpeHAa J 




napaMeTpbi a Q u b D ncnonb3y»OTcn 3aTeM 
Ann onpeAeneHun HaMa/ibHbix ycnoBuft 
sKcnoHeHLinanbHbix cpeAHMX nepBoro m BToporo 
nopnAKOB no c£opMynaM 

^ 1 )=a G + A-db c ; (15) 
d 

3o 2) =a 0 -2 # x-d # b 0l (16) rAe a 0,3 napawieTp 
cf 

3KcnoHeHL\na/ibHoro cma>KMBaHMfl; 

3o <1) HananbHoe ycnoBue Ann 
3KcnoHeHi4nanbHOM cpeflHew nepBoro nopnAKa; 

3o (2) to >xe, BToporo nopnAKa. 

flnn Ka^KAoro nopnAKOBoro HOMepa 
M3MepeHnfi V c j 1 ,— - onpeAennioTcn 

3HaneHnn 3KcnoHeHL\nanbHbix cpeAHMX no 
peKypeHTHofi 0opMyne 

3j< K > a 3j (K - 1 > + (1 a 3j . 1< K > (17) npn K 
1 , K 2, 3j<°> lnV CJ g, rAe N > m nopnAKOBbirt HOMep 
nocneAHero M3MeHeHnn V C K ; 



3KcnoHeHunanbHan cpeAHnn nepBoro 



nopnAKa; 

3j <2) SKcnoHenunanbHan cpeAHnn BToporo 
nopnAKa. 

Ha xa>KAOM j Luare w3MepeHntf 
V CK napaMeTpbi Bbipa>xeHMn (11) 
nepecMMTbJBajoTcn, a HOBbie OL^eHKvi mx 
onpeAennioTcn no 4»pMynaM 



CD 

o> 

CO 
CM 



CO 



a t 2 3j< 1 >- 3| (2) (18) 

b i _SLf 3s 1) -3<z>1 . (19) rfle a = 0,3, npn 

l-d[ J J 

j = m, a 1 npn j > m. 

OnpeAenneTCfl crnaweHHoe 3HaMeHne 
norapn<$Ma cpeAHetf 3a war MexaHnsecKoro 
KapoTa^a ckopoctw 6ypeHnn 

Y*** 1 aj + bj tj, (20) a 3areM cmaxeHHoe 
3HaHeHne 

V' c ^ + 1 exp(Y*' +1 ). 

Ha KaKAOM mare npoi4ecca cma>KUBaHUfl 
BbiMncnfleTcn CTaH^apTHafl ouiMOKa npomo3a 
S p no cJjopMy/ie 

S P =S 

• /-^ ♦ fl»4»<l-d)*5<l-Cl> 2 *2Cf<4-3d>t ♦2d 2 t 2 1 

u y < 2 -d> 3 I J J J 

.(21) 

rAe npn j + 1 a m npuHUMaeTCA a 0,3, a 
BenHMHHa Sy onpefleJi«eTCfl no c|)opMyne (14); 
npn j+1 > m npHHMMaeTCH a 0,1, a S y +Sy* 
paccMaTpMBaeTcn KaK cpeAHee KBaApa t m m ecKoe 
OTKnoHSHne ot nepeiweHHofl 

fleTepMUHMpOBaHHOM OCHOBbl 3aBMCMMOCTM (2) M 

onpefle/ineTCfl no cfeopiviyne 

/m '• ( 22 ) 




J = 2 

ycraHaB/iMBatoTCfl rpaHMUbi AOBepnTeribHoro 
MHTepBana 

Yj+i* b S p , (23) r/;e t> onpeAermeTCH b 
cooTBeTCTBMM c saKOHOM pacnpeAeneHHH 
CTbJOAeHTa ripn Bbi6paHHofi BeponTHOcru 

y = 0,80-0,90. 

(IpoBepfleTcn npnHaAne>KHOCTb 
3MnnpnMecKoro 3HaHeHMfl Y j +1 nocTposHHOMy 
AOBepnTenbHOMy HHTepBany 

Y i+ i* t S p < Y j+1 < Y j+1 * + t Sp, (24) 

r y 
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Ecjih HeTbipe 3MnnpimecKMX 3HaMeHnn Y j+1 . 
Yj+2. Yj +3 , Yj^nocneAOBaTeribHO BbixoAflT 3a 
npeAenbi nocTpoeHHoro AOBepwanbHoro 
HHTepBana, to nepeA nepBbiM M3 hmx 
Yj^ cJ>MKCnpyeTCfi rpaHvu^a CMeHbi 6ypnMOCTH 
nopoA- 

OopMyna M3o6peTeHnn: 

cnocoB PEry/inpoBAHU^ nPoqECCA 

5YPEHHFI, ocHOBaHHbift Ha 3aAaHtin ycTaBOK 
pe>KMMa 6ypeHH«, BpeiweHH cTaTMCTWHecKoro 
npomo3MpoBaHHfl MOMema noA>eMa AonoTa, 

H3MepeHMH MexaHHMSCKOM CKODOCTM npoxoAKM M 

speMeHU 6ypeHnn. noAAspwa hum 3aAaHHoro 
sHaneHUfl Harpysioi Ha aojioto m nacTOTbi ero 
Bpau^eHkin ao MOMeHTa no/rbervia AonoTa, 

OTJlMHaiOlJUM^CH TeM, MTO, C L^eJlbMD nOBbHIieHMfl 

3cfx|)eKTHBHOCTM npou,ecca 6ypeHnn b 
HeoAHOpoAHbix no 6ypHMOCTM nnacTax nyieM 
yBejiMHeHun tohhocth onpeAerteHH*? MOMeHTa 
noA>eivia AonoTa m onepaTMBHoc™ 
KoppeKTMpoBaHUfl napaiueTpoB pex<viMa 
6ypeHnn, ycTaHaBJiMBaioT rpaHUijbJ CMeHbi 
6ypnMocTn nnacTOB, atih Ka>KAoro ruiacia 
OAMHaxoBoft 6ypMMOCTM onpeAeJi«K)T, 3aAa*OT m 
noAAep>KMBajoT onTMManbHbie ycTaBKM Harpy3KM 
Ha aojioto, nacTOTbi ero Bpauu,eHkm w pacxoAa 
oypoBoro pacTBopa w onpeAermioT 
onTHMaiibHoe Bpewm MexannMecKoro oypeHMH b 
nonHOM pewce flo/ioTa no 4>opMyne 

t -T +t , 
onT 1-1 c 

1 

pa© Tj^ cywiMa MMcroro BpeMeHM 

MexaHMMecKoro 6ypeHnn Bcex nnacTOB 
OAHHaxoBoi^ 6ypMMocTM, npeAtuecTByiomMX i-My 
njiacry, b kotodom ocyii^ecTBnweTCfl b A^HHoe 
BpeMn MexaHMMecKoe 6ypeHne; 

t -onrnManbHoe npomo3Hoe BpeMw 
l 

MexaHMMecKoro 6ypeHi/m b I-m n/iacTe, 
ncTeMeHne KOToporo nBnneTcn MOMeHTOM 
noA>eMa AOJiota An« 3aMeHbi. 
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